Purpose: To study the effects of mildly elevated thyroid-stimulating hormone (TSH) levels and thyroid antibodies on pregnancy rates among infertile women and their potential contribution to prolonged infertility treatment. 
| INTRODUC TI ON
Thyroid function and reproductive function are closely related. 1 For example, hyper-and hypothyroidism are associated with amenorrhea. 1 Therefore, thyroid dysfunction is considered a cause of infertility. 1 Subclinical hypothyroidism (SCH) is defined as high levels of serum thyroid-stimulating hormone (TSH) associated with normal free thyroxine (FT4). Thyroid antibodies, including thyroid peroxidase antibody (TPOAb) and thyroglobulin antibody (TgAb), are known risk factors for SCH. 2 SCH is also reported to be associated with infertility. [3] [4] [5] [6] Furthermore, the presence of SCH may induce maternal and fetal complications during pregnancy, such as miscarriage, hypertensive disorders of pregnancy, and decreased intelligence quotient of children. [7] [8] [9] Therefore, management of thyroid function in women who plan to become pregnant may improve their outcomes and those of their children. However, studies have used different cutoff points of TSH to define SCH. Several investigators have claimed that TSH levels should be controlled and adjusted to a target level of 2.5 mIU/L among women seeking to become pregnant. [3] [4] [5] [6] 10 Relying on a TSH cutoff value of 2.5 mIU/L is debatable. [11] [12] [13] [14] TSH levels vary according to measurement method, age, and ethnicity. 15 Therefore, each laboratory should set its standards based on the patient's background and measurement method. Furthermore, in most studies, the pregnancy rate used to assess the reproductive performance of infertile women with SCH has been reported in terms of pregnancy per cycle. However, the pregnancy rate per cycle does not account for the fact that the period for becoming pregnant could be shortened if the cutoff value of TSH is 2.5 mIU/L.
Therefore, in this study, we examined whether moderately increased TSH and the presence of thyroid antibodies affected the cumulative pregnancy rate of women seeking to become pregnant. The cumulative pregnancy rate used to assess reproductive performance provides a better estimate of the history of multiple infertility treatments.
| MATERIAL S AND ME THODS

| Subjects
Between March 2015 and August 2017, 1940 infertile women who visited the Tawara IVF Clinic (Shizuoka, Japan) for the first time were recruited for this case-controlled study. and water-soluble contrast medium (WSCM), were used; both are considered risk factors for the development of SCH. We previously reported that the use of WSCM implicated a lower risk for SCH than OSCM. 17 Thus, WSCM was used in most cases during this study.
| Causes of infertility
Thyroid dysfunction during pregnancy affects the mother, child, and pregnancy outcomes. [7] [8] [9] Therefore, in this clinic, patients with TSH >3.5 mIU/L were likely to receive LT4 treatment; because of the effect of LT4 on pregnancy outcomes, these women were excluded from the study ( Figure 1 ).
| Cumulative pregnancy and miscarriage rates
In this study, we analyzed non-assisted reproductive technology Only cases of first pregnancy as a result of infertility treatment were included in the analysis. 
| Statistical analysis
| RE SULTS
This study included 1479 patients (the median self-reported infertility period was 18 months) who underwent infertility treatment, non-ART and/or ART, during the study period ( Figure 1 ).
There were no differences between the TSH <2.5 and TSH 2.5-3.5 groups in terms of age, BMI, and history of pregnancy (Table 1) .
There was no difference in the frequencies of the causes of infertility between the two groups. FT4 was lower and the TgAbpositive rate was higher in women with TSH 2.5-3.5 mIU/L (TSH 2.5-3.5 group) than in those with TSH <2.5 mIU/L (TSH < 2.5 group) ( Table 1) Table 3, and Table S1 ). There was no significant difference in the cumulative pregnancy rate between the two groups during the non-ART (HR, 0.85; 95% CI, 0.56-1.23) (Figure 2A , Table 3 , and Table S1 ) and ART cycles (HR, 1.17; 95% CI, 0.93-1.47) ( Figure 2B , Table 3, and Table S1 ). Moreover, there was no difference in the miscarriage rates of the two groups (adjusted odds ratio [AOR], 0.94; 95% CI, 0.56-1.53) ( Figure 2C and Table 3 ).
Furthermore, we examined whether the presence of thyroid antibodies contributed to prolongation of the period of treatment to become pregnant (Table 2, Figure 2D -F, Table 3 , and Table S2 ).
The women in the TgAb group were older than those in the thyroid antibody-negative group, and the BMI was higher in the TPOAb group than in the thyroid antibody-negative group (Table 2 ). There were no differences in pregnancy history and cause of infertility between the antibody-negative group and the TgAb-positive group or the TPOAb-positive group (Table 2) . In our study, TgAb-and TPOAb-positive women accounted for 12.4% and 9.7% of the subjects, respectively (Table 2) ; 39.3% of the TgAb-positive patients also had TPOAb and 50.0% of TPOAb-positive patients also had TgAb (Table 2) . Seventy-two patients (4.9%) had both antibodies (Table 2) .
After controlling for age, BMI, causes of infertility, TSH, and FT4, the cumulative pregnancy rates of the TgAb-and TPOAb-positive women were not significantly different from those of the antibodynegative women. When compared to women without thyroid antibodies, the HR of women with TgAb in the non-ART group was 0.87 (95% CI, 0.55-1.32) ( Figure 2D , Table 3, and Table S2 ); HR was 1.09 (95% CI, 0.84-1.39) for women in the ART group ( Figure 2E , Table 3, and Table S2 ). The HRs of women with TPOAb in the non-ART and ART groups were 0.88 (95% CI, 0.52-1.39) ( Figure 2D , Table 3 , and Table S2 ) and 1.29 (95% CI, 0.97-1.68) ( Figure 2E , Table 3, and Table   S2 ), respectively. Moreover, there was no significant difference in the miscarriage rates between the antibody-negative and the TgAb- 
| D ISCUSS I ON
Several investigators have claimed that TSH should be controlled and adjusted to the target level of 2.5 mIU/L in women seeking to become pregnant. [3] [4] [5] [6] 10, 18 It has been reported that patients with TSH <2.5 mIU/L have a higher pregnancy rate with either AIH 3 or in vitro fertilization 4 and lower miscarriage rates 18 than those with TSH >2.5 mIU/L. In addition, in patients with TSH >2.5 mIU/L, reports have shown that the pregnancy rate increases and the miscarriage rate decreases by adjusting TSH to <2.5 mIU/L by LT4 treatment. 5, 6 Conversely, other reports have shown no difference in pregnancy, miscarriage, and birth rates between patients with TSH <2.5 mIU/L and those with TSH >2.5 mIU/L. [11] [12] [13] In our study, the causes of infertility among women in the TSH 2.5-3.5 group were not significantly different from those of women in the TSH <2.5 group (Table 1) .
Furthermore, comparing the TSH 2.5-3.5 and TSH <2.5 groups, prolongation of the period of treatment required to become pregnant was not observed in the TSH 2.5-3.5 group (Figure 2A and B, Table 3, and Table S1 ). Moreover, our study showed no differences in miscarriage rates between the groups ( Figure 2C and Table 3 ).
A possible explanation for the conflicting results obtained using a cutoff value of TSH 2.5 mIU/L is that differences in the dietary iodine intake were dependent on race and diet. 19 According to a survey conducted in China, TSH levels are higher in coastal residents, who have a higher iodine intake, than in people who live inland and have a lower iodine intake. 20 Furthermore, TSH reference levels in an iodine-deficient population have been reported to be low. 21 These results suggest the possibility that TSH TA B L E 1 Characteristics of women with TSH levels <2.5 mIU/L and TSH 2.5-3.5 mIU/L F I G U R E 2 Cumulative pregnancy and miscarriage rates. A-C, TSH <2.5 group vs TSH 2.5-3.5 group. D-F, Thyroid antibody-negative groups vs TgAb-positive and TPOAb-positive groups. Kaplan-Meier curves for cumulative pregnancy rates of non-ART (A and D) and ART cycles (B and E) and for miscarriage rates (C and F). Log-rank test (A, B, D, and E) and multivariate analysis (C and F) after adjusting for age, BMI, causes of infertility, TSH, FT4, and prevalence of thyroid antibodies (A-C) or adjusting for age, BMI, causes of infertility, TSH, and FT4 (D-F). TSH, thyroid-stimulating hormone; TgAb, thyroglobulin antibody; TPOAb, thyroid peroxidase antibody; non-ART, non-assisted reproductive technology; ART, assisted reproductive technology; n.s., not significant levels that have an adverse effect on reproductive performance are different between races or between populations with different dietary patterns. Our study was conducted in Japan, where iodine intake from edible seaweeds is highest in the world. [22] [23] [24] Therefore, basal TSH levels may be higher in Japanese women than in women who live in other areas and do not have sufficient iodine intake. In our study, approximately 15%-20% of women with normal FT4 had serum TSH levels >2.5 mIU/L. Therefore, a TSH level of 2.5 mIU/L may be a severe cutoff point for defining SCH in Japanese women or in those with sufficient iodine intake who want to become pregnant.
In addition, we examined whether the presence of thyroid antibodies might affect the cumulative pregnancy rate because the presence of thyroid antibodies is associated with the development of SCH. 2 However, in our study, no significant differences were observed in the duration of infertility treatment and miscarriage rate between TgAb-or TPOAb-positive patients and the antibody-negative group ( Figure 2D -F, Table 3, and Table S2 ). These results indicate that the prevalence of thyroid antibodies may not affect the potential conception period among women with TSH <3.5 mIU/L. However, a meta-analysis showed that the prevalence of thyroid antibodies is associated with miscarriage and preterm birth. 25 Negro et al conducted a study in 984 pregnant women and concluded that the higher risk of miscarriage observed in TPOAb-positive women with normal thyroid function was due to the enhancement of SCH during pregnancy. 26 Thus, although our results showed that mildly elevated TSH (2.5-3.5 mIU/L) and thyroid antibody positivity did not contribute to prolonged infertility treatment or increased miscarriage rates in thyroid antibody-positive women, follow-up testing of thyroid function is important, especially during fertility treatment and early pregnancy.
This study had some limitations. First, we were unable to analyze the effects of controlled thyroid function on the improvement in fertility outcomes among women with TSH >3.5 mIU/L (approximately 5.0% of women). Second, the type of endometrial preparation method for embryo transfer could not be considered in the ART group. This study found no significant differences in the number of treatments required to become pregnant or in the miscarriage rates between women with TSH levels 2.5-3.5 mIU/L and those with TSH <2.5 mIU/L, irrespective of the presence/absence of thyroid antibodies. We believe that these findings are important for avoiding unnecessary TSH control in women seeking to become pregnant.
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